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Reactors and Processes

For petroleum feedstocks that are free of solids, the reactors used
are generally the trickle-bed type, with the oil "trickling" down over
the catalyst in the presence of high-pressure hydrogen.

With heavy coal or shale liquids that are contaminated with solids,
liquid fluidized-bed reactors (e.g., LC-Fining or H-Oil reactors) must
be used to avoid plugging. This type of reactor (essentially a stirred
tank reactor) has the added advantage of permitting the intermittent
addition of fresh catalyst and withdrawal of spent catalyst while the
unit is on stream.  It also allows the use of smaller catalyst particles
(less than 0.8 mm), reducing the mass transfer problem encountered with
heavier feeds.  The greater volume requirement of this type of reactor
can be largely offset by operating at higher average temperatures but
the increased hydrocracking that results may be undesirable.  The
design of both reactor types is straightfoward because of the consider-
able experience gained from the petroleum industry. What are needed are
the catalyst deactivation rates with the feedstocks to be used.  In
operation, the reactor temperature can be increased with time to com-
pensate for the deactivation of the catalyst and maintain constant con-
version.  If the deactivation is due to coking, the catalyst can be
regenerated by controlled combustion of the coke. If, however, the de-
activation of the catalyst is due to the deposition of metals, regenera-
tion will not be possible.

Catalyst costs for processes that involve direct contact between
coal and a particulate catalyst may be as high as $1.00 per barrel, but
the cost may be much lower when solids separation is carried out prior
to hydroprocessing.

Reactor systems include a preheat furnace, reactor, hydrogen recycle
and purification system, and product separation train (Figures 34 and
35). For dirty feeds, the life of the catalyst can be extended by first
passing the feed through a guard chamber with a cheap disposable catalyst
to remove metals and rapid-coking components.

For the more severe operations with coal and shale liquids that
would lead to undesirably high temperatures in the catalyst bed (hydro-
genation and hydrocracking being quite exothermic), trickle-bed reactors
are staged and cold gaseous hydrogen injected between the stages to
reduce the temperature of the reactant stream. When two stages are nec-
essary (because the feed is high in nitrogen and sulfur and particularly
heavy, and considerable hydrocracking is required), more efficient pro-
cess operation can be achieved by placing each stage in its own recycle
loop. By this means, NH^ and IL^S can be separated from the hydrogen
before it is fed to the second catalyst bed (Figure 35). With the re-
moval of sulfur and nitrogen in the first stage, hydrocracking can
be carried out more effectively in the second stage.

The costs of processing coal and shale liquids can be reduced by
using better grades of syncrudes, developing better catalysts, and